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and Space Administration (NASA), nor any person acting on be- 
half of NASA: 
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pleteness, or usefulness of the information con- 
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closed in this report may not infringe privately 
owned rights; or 
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of, or for damages resulting from the use of any 
information, apparatus, method or process dis- 
closed in this report. 
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employee or contractor of NASA, or employee of such contractor, 
to the extent that such employee or contractor of NASA, or 
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CAVITATION DAMAGE IN LIQUID META-LS 
Technical Progress Report 
For the Period 
1 Januayy - 31 Mar.ch 1965 
I, ABSTRACT 
Pr-ogress for the period 1 January 1965 to 31 March 1965 is 
reported herein. The significant result achieved during this 
period I s  the determination of the effect of temperature on the 
rate of cavitacion damage of 316 stainless steel in pure liquid 
sodium at t.emperatures up to 1500°F. 
damage was estimated for each temperature using the rate of dam- 
age obtained from these experiments and pdblished strain energy 
values. The intensity is found to be very much less at higher 
temperatures. 
of the intensity at 400 F; at 1500 F the intensity of damage is 
about a thmsandth of that at 400°F. 
The intensity of cavitation 
The intensity of damage at 1000°F is about a tenth 
0 0 
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11. INTRODUCTION 
An understanding of the mechanism of cavitation damage in 
high temperature liquid metals such as Sodium and potassium 
would greatly aid the designer of equipment and systems using 
these liquid metals. With this motivation, a series of system- 
atic experiments are being performed at HYDRONAUTICS, Incorporated 
with the help of a controlled environment test facility described 
in detail in References 1 and 4. This is the second technical 
progress report describing additional experiments performed in 
this facility. The most significant among these experiments deals 
with the effect of the temperature of the liquid sodium on the 
cavitation damage rate of 316 stainless steel. There was an ear- 
lier attempt to obtain similar data using eutectic NaK up to 
1000°F which showed that the cavitation damage on 316 stainless 
steel was strongly dependent on the temperature, Reference 2. 
These tests were reported to be inconclusive because of the lack 
of control of I t  sound factors". However, the general trend was 
that the damage was much lower at higher temperatures in conform- 
ity with the observations made in common liquids such as water, 
Reference 3. 
More recently, lOOA 'titanium was tested in liquid sodium up 
to 1000°F and again the results showed reduction in damage rate 
at higher temperatures, Reference 4 e However, these experiments 
also pl-oved to be less valuable in the sense that the oxide im- 
purity in the liquid sodium was not known. Because of the limi- 
tations of the earlier purge type dry box (atmosphere dispkaced 
by pressurized argon without benefit of vacuum pump-down), the 
Ky DRONAUTICS, I nco rpora t ed  
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oxide l e v e l s  were be l i eved  to be n e a r  s a t u r a t i o n  v a l u e s  f o r  each 
of tk?e t e s t  ternperatuFes Tl-ese c o n s i d e r a t i o n s ,  among o t h e r s ,  
l e d  t o  t h e  d e s i g n  o f  an  improved f a c i l i t y  i n  which sodium p u r i t y  
could be main ta ined  around 30 ppm of oxygen over  a t e s t  d u r a t i o n  
of 8 hours. It was dec ided  t o  t e s t  316 s t a i n l e s s  s t e e l  i n  low 
oxide  sodium among o t h e r  t e s t s  p l anned ,  The r e s u l t s  of t h i s  
phase exper iments  are p resen ted  i n  this yepor t  
111. RESULTS AND D I S C U S S I O N  
E f f e c t  of  T e s t i n g  Time, 
IC has been e s t a b l i s h e d  t h a t  t he  r a t e  of c a v i t a t i o n  damage 
i s  t i m e  dependent ,  Reference 4, The i n i t i a l  r u n  of exper iments  
on 316 s t a i n l e s s  s t ee l ,  Reference I, aimed a t  o b t a i n i n g  t h e  r e l a -  
t i o n s h i p  between t n e  r a t e  of weight i o s s  and t h e  t e s t  t ime i n  
1000°F sodium, showed t h a t  t h e  i n t e n s i t y  at t h i s  tempera ture  was 
s o  low t h a t  only a few s u r f a c e  i n d e n t a t i o n s  could be observed up 
ITQ 25 hours  of t e s t i n g ,  There was no obse rvab le  weight  l o s s .  
For  t h i s  r eason ,  t h e  damage rate  v e r s u s  t lme r e l a t i o n s h i p  was ob- 
tained a t  LOO F sodium and th.e resul ts  are snown i n  F igu re  1. The 
s t e a d y  s t a t e  was reached i n  approxlmateiy 5 Lo 6 h o u r s .  
0 
E f f e c t  of TernDerature of Sodium, 
Using a 316 s t a i n l e s s  a 5 e e l  specimen T h a t ,  had reached t h e  
s i eady  ,state zorle 2 s  sjk'bz'wfi i;, FTgurJe I, a s e r i e s  of exper iments  
was conducted over  a range  of t empera tu res  between 300 F t o  
1500°F a t  100°F i n t e r v a l s  i n  o r d e r  t o  de te rmine  t h e  v a r i a t i o n  of 
t h e  ra te  of c a v i t a t i o n  damage w i t h  the temper-ature of t h e  sodium. 
0 
HYDRCNA.UTICS? Tricorporax ea 
The d u r a t i o n  of each t e s t  run was one Lour2, The damage r a t e  was 
de terminea  from one one-hour experiment  f o r  each r e k a i n g ,  A r n i n i -  
rrium of t h r e e  r e a d i n g s  were taken a t  each tempera ture  i n  o r d e r  to 
check t h e  r e p r o d u c i b i l i t y  of t h e  data ,  The p r e c a u t i o n s  f o r  ob- 
t a i n i n g  h i g h  p u r i t y  sodium a s  d e s c r i b e d  i n  Reference 1 were main- 
t a i n e d  throughout  t h e s e  exper iments ,  The results a r e  shown i n  
F igu re  2 ,  T h e  r a t e  of weight loss at 1500°F i s  of the o r d e r  of 
a hundredth of a. mi l l ig ram pep r1oi;r as compared t o  16 mg/hoe;ir a t  
!i 00°F 
An unders tanding  of t h i s  exper imenta l  r e s u l t  i nvo lves  t h e  
knowledge of f;.ow t h e  mace r i a l  p r o p e r t i e s  as w e l l  as t h e  l i q u i d  
p r o p e r t , i e s  change as t h e  t e n p e r a t u r e  v a r i e s ,  One of t h e  prop-  
e r t i e s  of the ma*,ePial thaz i s  known t o  c o n t r o l  +,he energy ab-  
s o r b i n g  c a p a c l t y  of t h e  m a t e r i a l  in f r a c t u r e  d u e  to c a v i t a t i o n  
damage i s  the  s t r a i n  energy of t h e  metal, Reference 4, The s t r a i n  
energy  i s  g i v e n  b y  t h e  area under t h e  s t r e s s - s t r a i n  d i ag ram,  Un- 
f o r t u n a t e l y ,  t h e  s t r e s s - s t r a i n  d a t a  a r e  not  a v a i l a b l e  f o r  t h e  high 
t empera tu res  of i n t e r e s t  i n  ttrbese exper iments  However, t r ,e  v a  L -  
Le8 of y i e l d  s t r e n g t h ,  u l t i m a t e  s t rength  and  u1'cimate e l o n g a t i o n  
a r e  a v a i l a b l e  f o r  each temperature ,  a.nd tising Ll-tese dat%9 t he  
s t r a i n  energy was es t ima ted  from t h e  fol lowing approximate rela- 
t i  onship 
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where 
i s  t h e  strain energy e S 
Y i s  the y i e l d  s t r e n g t h  
T i s  t.he u l t i m a t e  s t r e n g t h  
c i s  t h e  u l t i m a t e  e longat . ion 
The v a r i a t i o n  of s t r a i n  energy wi th  tempera ture  f o r  316 s t a i n l e s s  
s t e e l  was computed f r o m  data g i v e n  i n  Reference 5 and i s  shown i n  
F igu re  3.  
The i n t e n s i t y  of c a v i t a t i o n  damage i s  d e f i n e d  as t h e  power 
absorbed by t h e  material  p e r  u n i t  a r e a  and i s  g iven  by 
hw Se 
I =  
PAe t 
where 
I i s  t h e  i n t e n s i t y  of c a v i t a t i o n  damage 
hw i s  t h e  weight loss 
t i s  t h e  t e s t  d u r a t i o n  
s i s  t h e  s t . r a i n  energy of t h e  m e t a l  e 
[: 21 
P 
jll n 1s t,he awes eroded 
i s  t h e  d e n s i t y  of t h e  metal 
e 
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The i n t e n s i t y  of c a v i t a t i o n  damage was es t ima ted  u s i n g  t h e  
weight l o s s  data shown i n  F i g u r e  2 and t h e  s t r a i n  energy v a l u e s  
shown i n  F igure  3 f o r  va r ious  t empera tu res  ( s e e  Table I ) .  Fig-  
u r e  4 shows t h e  e f f e c t  of temperature  of l i q u i d  sodium on t h e  i n -  
t e n s i t y  of c a v i t a t i o n  damage, I n  o r d e r  t o  o b t a i n  a r e l a t i v e  i d e a  
of t h e  o r d e r  of magnitude of t h e  d e c r e a s e  i n  i n t e n s i t y  a t  h i g h e r  
t empera tu res ,  t h e  r e l a t i v e  i n t e n s i t y  w i t h  r e s p e c t  t o  t h e  i n t e n s i -  
t y  a t  400°F i s  p l o t t e d  i n  Figure 5 as  a f u n c t i o n  of t empera tu re .  
It i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  r e l a t i v e  i n t e n s i t y  of c a v i t a -  
t i o n  damage a t  1500°F i s  of t he  o r d e r  of lom3. 
be expec ted  from t h e  f a c t  t h a t  t h e  vapor  p r e s s u r e  i n c r e a s e s  from 
a n  o r d e r  of atmosphere a t  400°F t o  n e a r l y  one atmosphere a t  
1500°F, Reference 6. 
s u l t  i s  u s e f u l  s i n c e  i t  g ives  h i m  a rough i d e a  of how the damage 
r a t e  v a r i e s  w i t h  temperature ,  when t h e  material and c a v i t a t i o n  
c o n d i t i o n s  remain c o n s t a n t .  
T h i s  r e s u l t  i s  t o  
From the  d e s i g n e r s '  p o i n t  of  v iew,  t h i s  r e -  
I V .  C O N C L U S I O N S  
The fo l lowing  conclus ions  may be drawn from t h e  data ob- 
t a i n e d  t h u s  fa r .  
1, The r e l a t i v e  i n t e n s i t y  of c a v i t a t i o n  damage a t  
1500°F w i t h  r e s p e c t  t o  t h a t  a t  400°F i s  of t h e  o r d e r  of 
2, The r e l a t i v e  i n t e n s i t y  a t  1000°F r e l a t i v e  t o  400°F 
i s  of t h e  o r d e r  of lo-'. 
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V. WORK TO BE ACCOMPLISHED DURING NEXT REPORTING PERIOD 
During the next  r e p o r t i n g  p e r i o d  it i s  planned t o  complete 
t h e  c a v i t a t i o n  damage experiments on TZM, T-222 S t e l l i t e  6B and 
CB-132M a t  400, 1000 and 1500'F and compare their c a v i t a t i o n  
da mag e r" es i s t a n  c e .  
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